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The Earth’s magnetosphere in the EUV
Images from www.schott.com/magazine/english/info99/ and www.lbl.gov/Science-Articles/Archive/xray-inside-cells.html.

Why Thorium?
• ThO2 is stable against atmospheric oxidation
because Thorium only has one known oxidation
state.
• Thorium has a high theoretical reflectivity in the EUV
Computed Reflectances of Various Materials at 10 deg
0.9
0.8

Reflectance

0.7
0.6

CXRO Au
CXRO Ni
CXRO Ir
CXRO ThO2

0.5
0.4
0.3
0.2
0.1
0
0

2

4

6

8

10

12

Wavelength (nm)

14

16

18

20

22

Sample Preparation:
RF Magnetron Sputtering
• An Argon plasma is formed
in a vacuum chamber.
• The plasma is then focused
on a Thorium target using
powerful electric and
magnetic fields.
• The Argon ions bombard
the Thorium atoms off of
the target.
• The atoms then coat
anything in the chamber
that is not obstructed.

Sample Characterization
• We need to know more about various
characteristics of our films in order to correctly
calculate their optical constants.
• We have several ways of characterizing our
films:
–
–
–
–

X-Ray Photoelectron Spectroscopy – Composition
Atomic Force Microscopy – Roughness
X-Ray Diffraction – Thickness
Ellipsometry – Thickness and Visible Optical
Constants

X-Ray Photoelectron Spectroscopy
(XPS)
• XPS is used to determine
composition as a function of depth.
• XPS works by bombarding the
sample with high-energy photons.
Due to the photoelectric effect, this
causes the sample to eject electrons.
• By measuring the energies of the
ejected electrons, we can determine
the relative composition of the
sample.
• Thin layers of the sample can be
sputtered away to give a depth
profile.

K max = hv − φ
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Atomic Force Microscopy (AFM)
• AFM is used to measure
the roughness of a surface.
• AFM uses a record-needletype tip to “feel” the
roughness of a surface.
• The data can then be
analyzed to give a power
spectral density, which
gives a quantitative
analysis of large-scale
roughness vs. small-scale
roughness.

www.physics.ucsb.edu/ ~hhansma/IMG00007.GIF

Atomic Force Microscopy (AFM)

RMS roughness of 4.3 nm over a
1000x1000nm length scale.

Peak roughness at horizontal
length scales on the order of 50 nm.

X-Ray Diffraction (XRD)
• XRD is used to determine
the thickness of our thin
film layers.
• Light reflects off of each
interface and interferes
with itself.
• We can calculate the
thickness from the
resulting interference
pattern.
• The positions of the peaks
can be used to calculate
the thickness.

nhttp://pubs.usgs.gov/of/of01-041/htmldocs/images/beam.jpg

Ellipsometry
• Ellipsometry uses
circularly polarized light,
which becomes
elliptically polarized when
it reflects off of or
transmits through a
surface.
• By taking measurements
at different angles and
wavelengths, we can
calculate the thickness
and visible wavelength
optical constants.

Reflectance and Transmission
Measurements
• Reflectance and
Transmission
measurements were
taken at the Advanced
Light Source at
Lawrence Berkeley
Laboratory.
• We measured
reflectances and
transmissions with
respect to both angle
and wavelength.

Reflectance and Transmission
Measurements
• We measured the reflectances and transmissions with
respect to angle and wavelength.
• The ALS uses the program “normscript” to account for
dark current, beam current, and normalization.

Measured Reflectance vs.
Wavelength at 14 deg from grazing.

Measured Transmission vs. Wavelength
at 93 deg from grazing.

Fitting the Optical Constants
• To fit the data and find the
optical constants, we used a
computer program developed
at BYU by a member of our
group.
• The program can
simultaneously fit reflection
and transmission data to find
the optical constants δ, β, and
z (the film thickness).
• Lower errors, however, were
found when we constrained
the thickness and fit δ from
reflection and β from
transmission.

Conclusions and Suggestions for
Further Research:
• We have been able to fit reliable optical constants
for reactively sputtered ThO2 thin films.
• These optical constants will allow us to design
better EUV reflectors, including multilayer
reflectors.
• We intend to continue studying ThO2 and verify our
measured constants.
• We plan to study how density affects our optical
constants by studying samples sputtered under
different bias voltages.
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